Acacia karroo Hayne is the most important woody invader of grassland in South Africa, and is one of the fastest-growing acacias, and produces highdensity wood. This study aims to compare the germinative behaviour of A. karroo seeds collected from two ecotypes geographically and climatically different (Coastal and Steppic area) in salt stress. The seeds were exposed to saline stress conditions by increasing concentrations of sodium chloride (NaCl) varying from 0 to 50, 100, 150, 200, 250, 300, 400 and 600 mM. Germination was estimated by the daily rates and the final germinated seed rate during a period of 21 days in Petri dishes at 25˚C (5 replicates of 20 seeds). The emergence of seedlings was appreciated by their overall length. The results revealed the existence of a significant variation (p < 0.001) between the two seed sources. Indeed, those collected from an arid ecotype were most tolerant at higher sodium chloride concentrations. The response to salinity stress varied in time with NaCl concentration and seeds origin which could be attributed to intraspecific variations resulting from the natural selection of the same species. Under 400 mM of NaCl, 20% of germination was obtained from the coastal seeds against 66% from the steppic seeds. The repeated measures analysis of variance also revealed a significant effect of factors "Concentrations of NaCl, ecotypes, time of germination and their correlation" on the kinetics of germination.
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grounds. Indeed, much of irrigated grounds are threatened by salinization, an accumulation of salts in the soils which decreases plant yields and can deteriorate the agricultural lands in an irrevocable way [1] . Moreover, recurring drought and increasing anthropization led to a strong degradation of ecological systems and to salinization [2] . Arid ecosystems are characterized by a specific climate with a long season of dryness (from 8 to 10 months) and with an intense evapotranspiration [3] . Otherwise, the climatic changes become increasingly constrained for the plant growth and development [4] . Algeria belongs to the Mediterranean countries where drought leads obviously to the process of salinization [5] . These two natural constraints of drought and salinity contribute to deforestation which acts negatively in biodiversity and ecosystem stability.
As much of forest trees, Acacia trees are frequently used in reforestation programs [6] [7] and in agro-sylvo-pastoral adjustment systems for arid and semiarid regions. They are highly drought tolerant and are well-adapted to the poor soils of their environment [8] [9] [10] . These species are also well adapted to the degraded area and contrasted climatic conditions [11] [12] [13] . These properties are especially related to their capacities of symbiosis with beneficial microorganisms of the ground: rhizobium and mycorrhizae [14] . Acacia karroo is one of the fastest-growing acacias and produces high-density wood (800 -890 kg/m 3 ) and is very useful for the best honey production. It is named Sweet thorn and is a small to medium-sized tree, usually 4 -8 m tall, but specimens up to 17 m tall have been found [15] .
The fundamental importance of germination physiology to agriculture and horticulture is so obvious that it needs hardly to be stated, because almost all of our reliance on plants depends ultimately on the germinability of their seeds.
The stage of germination is often limited by several environmental factors such as temperature, salinity, light, soil moisture, oxygen concentration and pH [16] .
Thus, seed germination has a great importance for natural or artificial regeneration. Moreover, the intraspecific variations of tolerance to salinity can be remarkable [17] . In this investigation, the effects of saline stress were studied for two ecotypes of Acacia karroo Hayne seeds by using sodium chloride (NaCl) solutions with concentrations varying from 0 (Control) to 600 mM. The aim is to evaluate the influence of saline stress on the germination and the emergence of the vegetative apparatus and to determine if there is a significant intraspecific variation for tolerance to salinity between seeds of different bioclimatic zones (Coastal and Steppic).
Materials and Methods

Plant Material
We used seeds of Acacia karroo, one batch was collected from Msila forest, a 
Germination Conditions and Salinity Treatments
Factorial combinations of two sources of A.karroo and nine levels were salinity test treatments. Salinity levels of 0, 50, 100, 150, 200, 250, 300, 400, 600 mM (millimolar) were created using sodium chloride (NaCl). First of all, collected seeds were cleaned then placed in boiled distilled water for three minutes, as a well-known pre-germination treatment for most Acacia seeds [19] .
Twenty seeds per dish were used for each treatment. Seeds were germinated in 10 cm Petri dishes with Whatman filter papers N˚1 humidified with the appropriate solution or distilled water for 0 mM (Control) of NaCl concentration.
Seeds were incubated under continuous dark at 25˚C ± 1˚C (Celsius) in controlled temperature room. The papers were changed with the same treatment each 3 days to prevent salt accumulation [18] . The seeds were moistened with the appropriate solutions of NaCl and kept wet throughout the experiment. The germination criterion was taken into account when radicle had pierced the tegument with 2 mm (millimeter) in length [20] .
Studied Parameters
The studied parameters during this work were:
Final germination percentage (FGP): this parameter constitutes the best identification means of salt concentration which presents the physiological limit of germination. It is expressed by the report/ratio numbers seeds germinated on a total number of seeds [21] .
Kinetics of germination: for better apprehending the physiological significance of germination behavior, the number of germinated seeds was counted every 3 days until the 21 st day of the experiment.
Mean Daily Germination (MDG): MDG is the percentage of final germination /number of days to final germination [22] .
Lengths of the seedlings (LS): the length of seedlings in centimeter (cm) was measured using a cotton yarn because of the seedling curves in Petri dishes after 21 days of sowing.
Statistical Analysis
The experiment was made as a completely randomized design with five repli-A. Kheloufi et al. 
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Results
The results of a two-way-ANOVA clearly indicate that the treatments operated by the various concentrations of sodium chloride exerted a very highly significant effect on the germinative capacity and seedlings length growth (Table 1 and   Table 2 ). Overall, this germination rate decreased when the saline stress increased. However, a clear difference was observed between the two sources of seeds where the steppic seeds seemed to present a better behavior with respect to increasing in treatment levels. In addition, no germination appeared up to 600 mM of NaCl for both ecotypes ( Table 2) . Table 1 represents the response of germination to the saline stress for two batches of A. karroo seeds collected from two bioclimatically different areas. We clearly observe the clear effect of the seeds origin with regard to salinity tolerance. The treatment effect of NaCl with its increasing concentrations doesn't have a great influence on the germination of A. karroo seeds (Steppic). On the other hand, the effect of NaCl was distinctly significant for the seeds collected from the coastal area, confirming its salt sensitivity (Table 1 and Table 2 ). For 0 mM of NaCl, whatever the origin of the seeds, the maximum rate of germination was equal or very close to 100% from both provenances. The final rate of germination reflected clearly that the seeds of A. karroo (Steppic) are salt tolerant. Table 2 indicates that the results of repeated measures analysis of variance were statistically significant (p < 0.001) between-subjects effects (NaCl concentrations × provenances) and within-subjects effects (time × NaCl concentrations × pro-A. Kheloufi et al.
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OALib Journal venances). Indeed, the examination of Figure 1 , representing the dynamics of the rates of germination according to the increasing NaCl concentrations illustrated three phases, a first phase of latency, due to imbibition after some time, a second exponential phase showed an acceleration of germination and finally a third phase characterized by a stage indicating a stationary phase of seed germination. In 0 mM of NaCl, the phase of latency and the exponential phase were very short and last only three days before reaching the stationary phase for the steppic seeds. In the same condition; these phases took 12 days for the coastal seeds (Figure 1 ). In the presence of NaCl, a reduction of the rate and the speed of seed germination were observed in the littoral seeds of A. karroo. Salinity levels affected also A. karroo seeds from collected the arid climate, except that their kinetics of germination was maintained at distinct intervals showing a good tolerance to NaCl (Figure 1 ).
Mean Daily Germination
For both zones, salinity effect (concentration) resulted in increasing or reducing of germination speed compared to the control. The rate of germination of A. karroo (Steppic) was much more significant than that observed for the coastal seeds in saline conditions. Mean daily germination tended to be completely canceled at 600 mM of NaCl for both studied ecotypes (Table 1) .
Seedling Emergence
The effect of NaCl on seedlings emergence of Acacia karroo was evaluated by measurement of only one morphological characteristic which was the total length of the 21-days old seedlings. The two-way analysis of variance (provenances and NaCl concentrations), showed a highly significant provenance and A. Kheloufi et al.
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OALib Journal concentration effect (p < 0.001) and also for their interaction (provenances × concentration of NaCl) for the parameter: length (Table 2 ). According to Table   1 , we noted that for all used concentrations, the effect of NaCl on Acacia karroo seeds was different from one area to another and this even under 0 mM where seedlings of A. karroo of the arid region showed a growth in length higher than those for the coastal region. The seedlings of A. karroo of the steppic source appeared to be the most salt-tolerant even if their growth is reduced by half at the concentrations ranging from 100 to 200 mM of NaCl. The effect of the progressive increase in NaCl concentration in culture medium resulted in a strong reduction of the seedlings length.
Discussion
A large number of studies have been carried out on the effects of drought and salinity stress on the germination of forest tree species. Until now, the comparative studies of various species of Acacia under salinity stress were rare. The majority of species and ecotypes showed different sensitivity to the saline stress in regard to seed germination [23] [24] [25] . Few of these studies took into account the provenance selection based on bioclimatic classification. The germination is the first delicate stage for planting the production and the seeds are confronted with a serious problem of soil salinization [26] [27] [28] [29] . [30] has assessed that the saline stress is of paramount importance in determining seed characteristics and germination limitations in arid and semi-arid areas.
According to our results, the seeds of Acacia karroo germinated in the absence and/or in the presence of a low or high concentration of NaCl, are salt-tolerant, but this tolerance differs according to ecotype. For all the studied parameters, the collected seeds from the arid area showed very interesting results. This type of response has been interpreted as indicative of salt-tolerance. Research of [31] and those of [32] have affirmed that the seed germination in saline medium is related to the species. The salt stress of sodium chloride caused a decrease of final percentage of germination. Seed germination was reduced considerably in high salt level (400 mM). Indeed, high salt concentration of a germination medium may induce a reduction and delay in seed germination.
Salinity affects germination in two ways: there can be enough salts in culture medium which reduce the osmotic potential, changing the enzyme activity in the process of hydrolysis of reserves [33] . [34] showed that the osmotic effects result in the inability of seeds to absorb sufficient quantities of water to bring back their critical point of hydration to release the process of germination. However, the toxic effect is related to a cellular accumulation of salts which cause disturbances in enzymes metabolism and respiration. Many studies have shown that the effect of salt on germination could be an inhibitor (toxic) when the concentration is very high, or speed reducer (osmotic) when the concentration is lower [35] [36] [37] . Increased salinity leads to a delay in germination due by the necessary time to seeds to adjust their intern osmotic pressure [38] . [39] has also shown that the aptitude to germinate under drought or salinity conditions does not necessarily reflect the behavior of the adult plants.
A. Kheloufi et al.
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OALib Journal By following the lengths of the plants under salt stress during the treatment periods, it appears there is a general trend for the decrease in the lengths of the seedlings using increasing sodium chloride concentrations for ecotype seeds.
The reasons of this reduction can be explained by the inhibition of water uptake, caused by excessive accumulation of ions Na + and Cl − [40] . These weak lengths were also in relation to the delay of seed germination. Under natural conditions, salt dependence and salt tolerance at germination stage are of great interest because successful germination in a wide range of conditions increases the probability of naturalization and soil rehabilitation. Understanding seed characteristics and seedling establishment patterns is essential for the development of effective management strategies for afforestation-reforestation [41] .
In this study, it was possible to evaluate and to determine the most salt-tolerant seeds which provided from the steppic ecotype for their use in afforestation and reforestation systems in the arid and semi-arid regions where salinity does not stop progressing. The seeds of this ecotype could be the objective of future selection in order to fix the character of salt-tolerance. Moreover, as the culture is an invasive leguminous tree, it could contribute effectively and quickly to the nitrogen amendment in the degraded grounds and serve as a good conception point to restore the biodiversity.
